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(57) ABSTRACT

An exemplary system and method for recursively rendering
an 1mage, including marking renderable items of the image
that have changed from a previous image, are provided. In
some 1mplementations, a client computing device may
receive a plurality of frames as part of an animation. An 1image
list may be maintained, where the image list 1s configured to
store one or more references to one or more respective bitmap
objects associated with a first image of a first frame in the
amimation. The bitmap objects referenced in the image list
may be marked as having changed from the first image to the
second 1mage. The second 1mage may be rendered based on
the marked bitmap objects 1n the 1image list.

28 Claims, 6 Drawing Sheets
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SYSTEM AND METHOD FOR RENDERING
AN IMAGE OF A FRAME OF AN ANIMATION

FIELD

The disclosure relates to recursively rendering an 1image
via a client computing platform, including marking render-
able 1items of the image that have changed from a previous
1mage.

BACKGROUND

Various techniques for rendering, caching, and/or retriev-
Ing an 1image comprising bitmap objects via a client comput-
ing platform are known. With high-performance flash tech-
nology, rendering systems that draw bitmap data to a screen
may have higher performance. A bitmap may generally com-
prise data structure comprising a rectangular grid of pixels.
An object delineated 1n the grid may be a renderable item of
the bitmap.

Conventional bitmap rendering technology sufifers from
various drawbacks and inefficiencies. For example, when
rendering a plurality of 1images as part of an animation, con-
ventional bitmap rendering systems generally render all of
the renderable items i1n each image, including renderable
items that have not changed from a previous image. As such,
a time to render a bitmap 1mage of a frame that has changed
only slightly from the previous frame may be equal to the time
to render a bitmap 1mage of a frame that may be completely
different from the previous frame.

SUMMARY

One aspect of the disclosure relates to recursively render-
ing an image via a client computing platform, including
marking renderable items of the image that have changed
from a previous image. In some implementations, a client
computing device may receive a plurality of frames as part of
an animation. An 1image list may be maintained, where the
image list may be configured to store one or more references
to one or more respective bitmap objects associated with a
first 1image of a first frame 1n the anmimation. The bitmap
objects referenced 1n the image list may be generated in
response to obtaining information defining a vector image of
the first image frame 1n an animation.

In some 1implementations, a reference to a bitmap object in
the 1image list may comprise a position 1n the image at which
the bitmap object 1s to be located and a location 1n a bitmap
object cache at which the bitmap object may be stored. The
bitmap object cache may cache one or more bitmap objects.
For example, the bitmap cache may cache one or more bitmap
objects associated with an 1mage frame, associated with an
animation, associated with one or more applications in which
an animation may occur, associated with images rendered on
client computing platform, and/or associated with other
1mages or animations.

In some implementations, a bitmap object may comprise
one or more of: bitmap data for the bitmap object, a flag
indicating whether the bitmap data of the bitmap object has
changed, a location of the bitmap object within the first
image, one or more references to other bitmap objects, one or
more references to child bitmap objects, dimensions relating,
to a size of the bitmap object, and/or other information. The
flag may comprise one or more bits and may indicate whether
the bitmap object has been compared to another object,
whether the bitmap object matches another object, whether
the bitmap object does not match another object, and/or other
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2

information regarding the bitmap object. For example, the
flag may store a compared designation that may indicate that
the bitmap objecthas been compared to another object, a dirty
designation that may indicate that the bitmap object does not
match another object, a clear designation that may indicate
that the bitmap object has not been compared to another
object, and/or other designations that indicate information
about the bitmap object. In some implementations, a flag may
be marked as “clear,” “compared,” “dirty,” or another term.
Other terms may be used to indicate that a bitmap object has
not been compared, has been compared, and/or has been
found to not match an object of the vector image. The flag of
a bitmap object may be used to indicate other conditions
relevant to the bitmap object.

A child bitmap object may comprise one or more of: bit-
map data for the chuld bitmap object, a child flag indicating
whether the chuld bitmap data of the child bitmap object has
changed, a location of the child bitmap object within the
bitmap object, one or more references to other child bitmap
objects, dimensions relating to a size of the child object,
and/or other information. The child flag may comprise one or
more bits and may indicate whether the child bitmap object
has been compared to another child object, whether the child
bitmap object matches another object, whether the child bit-
map object does not match another child object, and/or other
information regarding the child bitmap object. For example,
the child flag may store a compared designation that may
indicate that the child bitmap object has been compared to
another child object, a dirty designation that may indicate that
the child bitmap object does not match another child object, a
clear designation that may indicate that the child bitmap
object has not been compared to another child object, and/or
other designations that indicate information about the child
bitmap object. In some implementations, a child flag may be
marked as “clear,” “compared,” “dirty,” or another term.
Other terms may be used to indicate that a child bitmap object
has not been compared, has been compared, and/or has been
found to not match an object of the vector image. The child
flag of a child bitmap object may be used to indicate other
conditions relevant to the child bitmap object.

A grandchild bitmap object (or great-grandchild bitmap
object, or great-great grandchild bitmap object, etc.) may
include similar information relating to previous related
objects.

One or more bitmap objects may be generated based on
information defining a vector image 1n a first frame in the
amimation. When information defining a vector image 1n a
second frame 1n the animation 1s obtained, a color bound of a
first object of the vector image may be detected. In some
implementations, the vector image may be delineated into a
orid of rectangular objects. Individual objects 1n the vector
image may have a common height, length, and/or other
dimension in the vector image. A rectangular object may
comprise a sub-grid comprising one or more rectangular child
items. Individual child objects may have a common height,
length, and/or other dimension in the rectangular object. A
color bound of a first object may comprise a first object of the
orid of rectangular objects, may comprise a first object
detected 1n a vector image without the grid delineation, and/or
may comprise another type of object detected in the vector
image.

When a first object of the vector image corresponding to
the second frame 1n the ammation 1s detected, the image list
may be perused to determine whether a reference exists to a
bitmap object at a location of the first image that corresponds
to a location of the first object in the vector image. When a
corresponding bitmap object 1s referenced 1n the image
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frame, the first object and the bitmap object may be com-
pared. For example, pixel data corresponding to the first
object and bitmap data corresponding to the bitmap object
may be compared.

When the first object does not match the bitmap object, a
flag of the bitmap object may be marked as dirty. This may be
implemented by storing a dirty designation 1n a flag of the
bitmap object. When one or more child objects of the first
object may be detected, the one or more child objects may be
compared to respective one or more child bitmap objects of
the bitmap object in a manner that 1s stmilar or the same as the
detection and comparison of the first object and the bitmap
object. When the child object does not match the child bitmap
object, a child flag of the child bitmap object may be marked
as dirty. This may be implemented by storing a dirty desig-
nation in a child flag of the child bitmap object. When a child
object matches a child bitmap object, another child object of
the first object may be compared with another child bitmap
object of the bitmap object. When the child objects of the first
object have been compared, another object of the vector
image may be detected. The other object may be detected and
compared with another bitmap object referenced 1n the image
list 1n a manner similar to the detection and comparison of the
first object and the bitmap object.

In some implementations, when comparing the first object
and the bitmap object, one or more pixels of the first object
that match respective one or more pixels of the vector image
may be removed from the first object to generate a non-
transparent {irst object. The non-transparent {irst object may
be compared with the bitmap object. In some 1mplementa-
tions, when comparing the child object and the bitmap object,
one or more pixels that match respective one or more pixels of
the first object may be removed from the child object to
generate a non-transparent child object. The non-transparent
child object may be compared with the child bitmap object.

When a bitmap object at a location corresponding to the
location of the first object 1s not referenced 1n the 1mage list,
a bitmap object corresponding to the first object may be
generated and stored 1n the bitmap cache. In some implemen-
tations, before generating a bitmap object that corresponds to
the first object, the bitmap object cache may be searched to
determine whether a corresponding bitmap obj ect exists 1n
the cache. When a corresponding bitmap object 1s found 1n the
bitmap object cache and/or a corresponding bitmap object 1s
generated and stored 1n the bitmap object cache, the image list
may be augmented with a reference to the corresponding
bitmap object. For example, the image list may be augmented
with a position in the image at which the bitmap object is to be
located and a location in the bitmap cache at which the cached
bitmap object 1s stored. A flag of the corresponding bitmap
object may be marked dirty. This may be implemented by
storing a dirty designation in a flag of the corresponding
bitmap object. When a child object 1s detected 1n the corre-
sponding bitmap object, corresponding child objects may be
generated. In some 1mplementations, before generating a
chuld bitmap object, the child bitmap object cache may be
searched to determine whether a corresponding child bitmap
object exists 1n the cache. When a corresponding child bitmap
object exists 1n the child bitmap object cache and/or a corre-
sponding child bitmap object 1s generated and stored 1n the
chuld bitmap object cache, the bitmap object may be updated
with a reference to the corresponding child bitmap object.
Child flags of the respective child objects may be marked as
dirty. This may be implemented by storing a dirty designation
in the respective child flags of the respective child bitmap
objects.
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When the image list includes a reference to a bitmap object
that has not been compared to an object 1n the vector 1mage,
the reference to the bitmap object may be removed from the
image list.

In some implementations, a non-transitory electronic stor-
age media may store information related to a first image of a
first frame 1in an animation. The stored information may com-
prise an 1mage list configured to store one or more references
to one or more respective bitmap objects associated with the
first image, a bitmap object cache configured to store one or
more bitmap objects for the 1mage, a bitmap object compris-
ing one or more of: bitmap data, a flag indicating whether the
bitmap data of the bitmap object has changed, a location of the
bitmap object within the first image, one or more references to
other bitmap objects, or one or more references to child
bitmap objects, and instructions configured to cause a client
computing platform to: receive a plurality of frames as part of
an animation, obtain information defining a vector image in a
second frame 1n an animation, the second frame being
obtained subsequent to the first frame, detect a color bound of
a {irst object at a first location of the vector image, compare
the first object with a bitmap object of the first image at a
bitmap location of the bitmap 1image corresponding to the first
location of the vector image, and responsive to the first object
not matching the bitmap object, mark a flag of the bitmap
object as dirty.

In some 1implementations, a second 1mage 1n an animation
obtained subsequent to a first image 1n an animation may be
rendered based on an 1mage list. The 1image list may include
references to bitmap objects that comprise flags that indicate
whether a bitmap object of the second frame has changed
from the first frame. For example, a method of rendering an
image may comprise recerving a plurality of frames as part of
an animation, maintaining an image list configured to store
one or more references to one or more respective bitmap
objects associated with a first image of the animation, main-
taining, for a bitmap object associated with the first image,
one or more of: bitmap data, a tlag indicating whether the
bitmap data ofthe bitmap object has changed, a location of the
bitmap object within the first image, one or more references to
other bitmap objects, or one or more references to child
bitmap objects, obtaining information defining a vector
image 1n a second frame 1n the animation, the second frame
being obtained subsequent to the first frame, retrieving, for a
first bitmap object at a first location of the first image, a first
flag associated with the first bitmap object, responsive to the
first flag indicating that the first bitmap object has changed,
retrieving, for a first child bitmap object at a first child bitmap
location of the first bitmap object, a first child flag, and
responsive to the first child flag indicating that the first child
bitmap object has changed: detecting a first child color bound
of a first child object of a first object of the vector image at a
chuld location of the vector image corresponding to the first
child bitmap location of the first bitmap object, implementing
the vector information to rasterize the first child object within
the first child color bound of the vector image to generate first
chuld bitmap data for the first child object, and updating the
first child bitmap object with the generated first child bitmap
data. The method may be implemented 1n a computer system
comprising one or more processors configured to execute
computer program modules.

In some implementations, a non-transitory electronic stor-
age media may store information related to an 1mage. The
stored information may comprise an image list configured to
store one or more references to one or more respective bitmap
objects associated with a first image of a first frame 1n an
animation, a bitmap object cache configured to store one or
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more bitmap objects for the first 1image, a bitmap object
comprising one or more of: bitmap data, a flag indicating
whether the bitmap data of the bitmap object has changed, a
location of the bitmap object within the first image, one or
more references to other bitmap objects, or one or more
references to child bitmap objects, a child bitmap object
cache configured to store one or more child bitmap objects for
a bitmap object, and 1nstructions configured to cause a client
computing platform to recerve a plurality of frames as part of
the animation, obtain information defining a vector image in
a second frame in the animation, the second frame being
obtained subsequent to the first frame, retrieve, for a first
bitmap object at a first bitmap location of the first image, a
first flag associated with the first bitmap object, responsive to
the first flag indicating that the first bitmap object has
changed, retrieve, for a first child bitmap object at a first child
bitmap location of the first bitmap object, a first chuld flag,
responsive to the first child flag indicating that the first child
bitmap object has changed: detect a first child color bound of
a first child object of a first object of the vector image at a child
location of the vector image corresponding to the first child
bitmap location of the first bitmap object, implement the
vector information to rasterize the first child object within the
first child color bound of the vector image to generate {first
chuld bitmap data for the first child object, and update the first
chuld bitmap object with the generated first child bitmap data.

These and other objects, features, and characteristics of the
system and/or method disclosed herein, as well as the meth-
ods of operation and functions of the related elements of
structure and the combination of parts and economies of
manufacture, will become more apparent upon consideration
of the following description and the appended claims with
reference to the accompanying drawings, all of which form a
part of this specification, wherein like reference numerals
designate corresponding parts in the various figures. It1s to be
expressly understood, however, that the drawings are for the
purpose of illustration and description only and are not
intended as a definition of the limits of the invention. As used
in the specification and 1n the claims, the singular form of ““a”,
“an”, and “the” include plural referents unless the context
clearly dictates otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an exemplary method of recursively ren-
dering an 1mage via a client computing platiform, including
marking renderable items of the image that have changed
from a previous 1mage, according to an aspect of the mven-
tion.

FI1G. 2 1llustrates an exemplary delineation of objects 1n a
vector image.

FIGS. 3A and 3B illustrate an exemplary delineation of
objects 1n a first frame and a subsequently obtained second
frame.

FI1G. 4 1llustrates an exemplary method of recursively ren-
dering an 1mage via a client computing platform, including
marking renderable items of the image that have changed
from a previous 1mage, according to an aspect of the mven-
tion.

FIG. 5 illustrates an exemplary method of recursively ren-
dering an 1mage via a client computing platiorm, imncluding
marking renderable items of the image that have changed
from a previous 1image, according to an aspect of the mven-
tion.
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FIG. 6 1llustrates a system configured to generate, transmit,
and/or present a recursively rendered image for a client com-
puting platform.

DETAILED DESCRIPTION

FIG. 1 illustrates an exemplary method 10 of recursively
rendering an 1mage for a client computing platform. The
image may be an image ifrom a frame 1n an animation. The
method may include obtaiming vector information of the
image. In some implementations, the method may include
marking one or more bitmap objects of a recursively rendered
list of bitmap objects as changed from a previously obtained
image. In some implementations, the method may comprise
rendering one or more bitmap objects marked as changed
from the previously obtained image.

Method 10 may be performed, for example, as part of
hosting an online game, hosting an online video, and/or pro-
viding other media to users over a network (e.g., the Internet
and/or other networks). Method 10 may facilitate rendering
and/or display of the image 1n a frame of animation on the
client computing platform. For example, method 10 may
reduce the resources (e.g., processing, storage, etc.) required
on the client computing platform to assemble and/or display
an 1mage 1n a frame 1n an animation, may reduce the amount
ol information sent over the network to enable the client
computing platiorm to assemble and/or display an 1image 1n a
frame of the animation, and/or enhance other aspects of the
transmission, retrieval, and/or display of the image.

At an operation 12, a plurality of images from a respective
plurality of frames 1n an animation may be obtained. An
image may define a visual appearance of a frame 1n an ani-
mation. The image information may include pixel informa-
tion (e.g., defining color value for individual pixels), vector
information (e.g., defining shapes and fill), and/or other types
of 1image information. In some implementations, the image
may be a vector image of a frame. The vector image may
comprise one or more of vector data, a flash FLLD compressed
video stream, content embedded 1n a SWF file data, or Fdv
data. Obtaining the image information may include accessing
stored image information, recerving image information over a
network, receiving image information through a user inter-
face, and/or obtaining the image information in other ways.

At an operation 14, an image list may be maintained for a
first image of a first frame 1n the ammation. The 1mage list
may comprise references to one or more bitmap objects that
may be rendered to display the first image relating to the first
frame 1n an animation. In some implementations, a reference
to a bitmap object in the 1image list may comprise a position in
the 1image at which the bitmap object 1s to be located and a
location 1n a bitmap object cache at which the bitmap object
may be stored. The bitmap object cache may cache one or
more bitmap objects. The bitmap object cache may cache one
or more bitmap objects associated with an image frame, asso-
ciated with an animation, associated with one or more appli-
cations in which an animation may occur, associated with
images rendered on client computing platform, and/or asso-
ciated with other 1mages or animations.

In some implementations, a bitmap object may comprise
one or more of: bitmap data for the bitmap object, a flag
indicating whether the bitmap data of the bitmap object has
changed, a location of the bitmap object within the first
image, one or more references to other bitmap objects, one or
more references to child bitmap objects, dimensions related
to a size of the bitmap object, and/or other information. The
flag may comprise one or more bits and may indicate whether
the bitmap object has been compared to another object,
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whether the bitmap object matches another object, whether
the bitmap object does not match another object, and/or other
information regarding the bitmap object. For example, the
flag may store a compared designation that may indicate that
the bitmap object has been compared to another object, a dirty
designation that may indicate that the bitmap object does not
match another object, a clear designation that may indicate
that the bitmap object has not been compared to another
object, and/or other designations that indicate information
about the bitmap object. In some implementations, a flag may
be marked as “clear,” “compared,” “dirty,” or another term.
Other terms may be used to indicate that a bitmap object has
not been compared, has been compared, and/or has been
found to not match an object of the vector image. The flag of
a bitmap object may be used to indicate other conditions
relevant to the bitmap object.

A child bitmap object may comprise one or more of: bit-
map data for the child bitmap object, a child flag indicating
whether the bitmap data of the child bitmap object has
changed, a location of the child bitmap object within the
bitmap object, one or more references to other child bitmap
objects, one or more references to grandchildren bitmap
objects, dimensions related to a size of the child bitmap
object, and/or other information.

The child flag may comprise one or more bits and may
indicate whether the child bitmap object has been compared
to another child object, whether the child bitmap object
matches another object, whether the child bitmap object does
not match another child object, and/or other imformation
regarding the child bitmap object. For example, the child flag
may store a compared designation that may indicate that the
chuld bitmap object has been compared to another child
object, a dirty designation that may indicate that the child
bitmap object does not match another child object, a clear
designation that may indicate that the child bitmap object has
not been compared to another child object, and/or other des-
ignations that indicate information about the child bitmap
object. In some implementations, a child flag may be marked
as “clear,” “compared,” or “dirty.” Other terms may be used to
indicate that a child bitmap object has not been compared, has
been compared, and/or has been found to not match a child
object of the vector image. The child flag of a child bitmap
object may be used to indicate other conditions relevant to the
child bitmap object.

In some implementations, the one or more references to
other child bitmap objects may be references to one or more
respective child bitmap objects cached in the child bitmap
object cache. In some implementations, the references to
other chuld bitmap objects may be references to respective
one or more bitmap objects cached 1n the bitmap object cache.

A grandchild bitmap object (or great-grandchild bitmap
object, or great-great grandchild bitmap object) may include
similar 1nformation relating to previous related objects.
Grandchildren bitmap objects (or great-grandchildren bitmap
objects) may be cached in a respective grandchild bitmap
object cache (or great-grandchild bitmap cache) or may be
cached 1n the bitmap object cache.

At an operation 16, vector information defining a vector
image 1n a second frame of the ammation may be obtained,
where the second frame may be obtained subsequent to the
first frame. The vector information may be obtained from the
obtained second 1image. For example, the vector information
may be obtained from 1mage information that defines a visual
appearance of the second frame 1n an animation. Obtaining
the vector information may include recerving the vector infor-
mation defining a vector image in the second frame 1n an
anmimation over a network, accessing stored vector informa-
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tion corresponding to the second frame, receirving vector
information corresponding to the second frame through a user
interface, determining vector information corresponding to
the second frame through 1image information obtained at an
operation 12, and/or obtaining the vector information corre-
sponding to the second frame 1n other ways.

At an operation 18, one or more bitmap objects referenced
in the image list may be marked as changed from the first
frame based on the obtained vector information. At operation
18, instructions may be transmitted to the client computing
device. The instructions may be configured to cause the client
computing platform to mark a flag of one or more bitmap
objects referenced 1n the image list as dirty based on a com-
parison of the respective bitmap objects and objects of the
obtained vector image corresponding to the second frame. In
some 1implementations, the instructions may be configured to
cause the client computing platform to obtain information
defining a vector 1image 1n a second frame 1n the animation,
where the second frame 1s obtained subsequent to the first
frame. An 1image listmay be maintained that comprises one or
more references to one or more respective bitmap objects
associated with the first image of the first frame 1n the anima-
tion.

When information defining a vector image in a second
frame 1n the animation 1s obtained, a color bound of a first
object of the vector image may be detected. In some 1mple-
mentations, the vector image may be delineated into a grid of
rectangular objects. Individual objects in the vector image
may have acommon height, length, and/or other dimension in
the vector image. A rectangular object may also comprise a
sub-grid comprising one or more rectangular child objects.
Individual child objects may have a common height, length
and/or other dimension in the rectangular object. A color
bound of a first object may comprise a first object of the grid
of rectangular objects, may comprise a first object detected 1n
a vector image without the grid delineation, and/or may com-
prise another type of object detected in the vector image. One
or more of the objects 1n the vector image may include one or
more child objects. The one or more child objects may be
delineated by respective color bounds within a color bound of
an object. In some 1implementations, the one or more child
objects may correspond to one or more rectangular child
objects.

When a first object of the vector image corresponding to
the second frame 1n the ammation 1s detected, the image list
may be perused to determine whether a reference exists to a
bitmap object at a location of the first image that corresponds
to a location of the first object in the vector image. When a
bitmap object at a location of the first image corresponding to
the location of the first object 1n the vector image exists 1n the
image frame, the first object and the bitmap object may be
compared. In some 1implementations, pixel data correspond-
ing to the first object and bitmap data corresponding to the
bitmap object may be compared. In some implementations,
pixel data corresponding to the first object and pixel data
corresponding to the bitmap object may be compared. In
some 1implementations, the vector information may be imple-
mented to rasterize the first object and generate bitmap data
corresponding to the first object. Implementing vector infor-
mation to rasterize an object may be done in a variety of ways
that are known to persons of skill in the art. For example,
rasterizing the vector information to generate bitmap data for
the first object may be implemented by known methods. The
generated bitmap data of the first object may be compared
with bitmap data of the bitmap object.

When the first object does not match the bitmap object, a
flag of the bitmap object may be marked as dirty. This may be
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implemented by storing a dirty designation in a flag of the
bitmap object. When one or more child objects of the first
object are detected, the one or more child objects may be
compared to respective one or more child bitmap objects of
the bitmap object in a manner that 1s stmilar or the same as the
detection and comparison of the first object and the bitmap
object. When the child object does not match the child bitmap
object, a child flag of the chuld bitmap object may be marked
as dirty. This may be implemented by storing a dirty desig-
nation in a child flag of the child bitmap object. When a child
object matches a child bitmap object, another child object of
the first object may be compared with another child bitmap
object of the bitmap object. When the child objects of the first
object have been compared, another object of the vector
image may be detected. The other object may be detected and
compared with another bitmap object referenced in the image
l1st 1n a manner similar to the detection and comparison of the
first object and the bitmap object.

In some 1implementations, when comparing the first object
and the bitmap object, one or more pixels of the first object
that match respective one or more pixels of the vector image
may be removed from the first object to generate a non-
transparent first object. The non-transparent first object may
be compared with the bitmap object. In some 1mplementa-
tions, when comparing the child object and the bitmap object,
one or more pixels that match respective one or more pixels of
the first object may be removed from the child object to
generate a non-transparent child object. The non-transparent
child object may be compared with the child bitmap object.

When a bitmap object at a location corresponding to the
location of the first object 1s not referenced 1n the 1mage list,
a bitmap object corresponding to the first object 1s generated
and stored in the bitmap cache. In some 1implementations,
belfore generating a bitmap object that corresponds to the first
object, the bitmap cache may be searched to determine
whether a corresponding bitmap object exists 1n the cache.
When a corresponding bitmap object 1s found in the bitmap
object cache and/or a corresponding bitmap object 1s gener-
ated and stored 1n the bitmap object cache, the image list may
be augmented with a reference to the corresponding bitmap
object. For example, the image list may be augmented with a
position 1n the image at which the bitmap object 1s to be
located and a location 1n the bitmap cache at which the cached
bitmap object 1s stored. A tlag of the corresponding bitmap
object may be marked dirty. This may be implemented by
storing a dirty designation in a flag of the corresponding
bitmap object. When a child object 1s detected 1n the corre-
sponding bitmap object, corresponding child objects may be
generated. In some 1mplementations, before generating a
chuld bitmap object, the child bitmap object cache may be
searched to determine whether a corresponding child bitmap
object exists 1n the child bitmap object cache. When a corre-
sponding child bitmap object exists in the child bitmap object
cache and/or a corresponding child bitmap object1s generated
and stored 1n the child bitmap object cache, the bitmap object
may be updated with a reference to the corresponding child
bitmap object. Child flags of the respective child objects may
be marked as dirty. This may be implemented by storing a
dirty designation 1n respective chuld flags of the respective
chuld bitmap objects. A bitmap object may be generated and
stored 1n a bitmap cache and a child bitmap object may be
generated and stored in a chuld bitmap object cache 1n a
manner similar to that set forth 1n pending U.S. patent appli-
cation Ser. No. 13/644,644, filed on Oct. 4, 2012, incorpo-
rated herein by reference.

When the image list includes a reference to a bitmap object
that has not been compared to an object in the vector image,
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the reference to the bitmap object may be removed from the
image list. For example, when the objects 1n the vector image
have been compared with the bitmap objects referenced 1n an
image list, and an nth bitmap object has a tflag marked as
cleared, a reference to the nth bitmap object may be removed
from the image list. In some 1mplementations, before an
object of the vector image 1s compared with a bitmap object
referenced 1n the 1image list, flags of the individual respective
bitmap objects may be marked as cleared to indicate that the
respective bitmap object has not been compared. This may be
implemented by storing a clear designation in respective flags
of the bitmap objects. When a bitmap object 1s compared with
an object of the vector image, the flag may be marked as
compared to indicate that a comparison has occurred. This
may be implemented by storing a compared designation 1n a
flag of the bitmap object. When the bitmap object does not
match the object of the vector image, the flag may be marked
as dirty to indicate the mismatch. This may be implemented
by storing a dirty designation 1n a flag of the bitmap object. A
reference to a bitmap object with a flag marked as clear may
be removed from the image list when the objects of the vector
image have been compared with bitmap objects referenced 1in
the 1mage list. Other methods of determining whether the
bitmap objects referenced 1n the image list have been com-
pared to objects 1n the vector image may exist.

By way of illustration, FIG. 2 illustrates an exemplary
delineation of objects 1n a vector image. FIG. 2 depicts a
vector image 20, one or more objects 22, one or more child
objects 24, one or more grandchild objects 26, one or more
great-grandchild objects 28, and/or other visual objects delin-
cated 1n the vector image 20. As 1s described herein, one or
more objects 22, one or more child objects 24, one or more
grandchild objects 26, one or more great-grandchild objects
28, and/or other visual objects delineated in the vector image
20 may be rendered to display an image relating to a frame 1n
an animation. In some implementations, the vector image 20
may be delineated as a rectangular grid of objects 22'. The
rectangular objects 22' may comprise a sub-grid comprising
one or more rectangular child objects 24'. Individual rectan-
gular objects 22' in the vector image may have a common
height, length, and/or other dimension 1n the vector image. A
child object 24' may comprise a sub-sub grid comprising one
or more grandchildren objects. Individual child objects 24
may have a common height, length and/or other dimension in
the rectangular object. The objects of a vector 1image may
comprise one or more objects 22, one or more objects 22', a
combination thereot, and/or other visual objects delineated 1n
the vector 1image 20.

By way of illustration, FIGS. 3A and 3B illustrate exem-
plary delineations of objects 1n a {first vector image and a
second vector 1mage obtained subsequent to the first vector
image, respectively.

FIG. 3A depicts a vector image 20a, one or more objects
22a, one or more child objects 24a, one or more grandchild
objects 26a, one or more great-grandchild objects 28a, and/or
other visual objects delineated 1n the first vector image 20a.
As 1s described herein, one or more objects 22a, one or more
child objects 24a, one or more grandchild objects 26a, one or
more great-grandchild objects 28a, and/or other wvisual
objects delineated 1n the first vector image 20a may be ren-
dered to display an image relating to a frame in an animation.
In some implementations, the vector image 20a may be delin-
cated as a rectangular grid of objects 224'. The rectangular
objects 224' may comprise a sub-grid comprising one or more
rectangular child objects 24a'. A child object 24¢' may com-
prise a sub-sub grid comprising one or more grandchildren
objects. The objects of a vector image may comprise one or
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more objects 22a, one or more objects 224', a combination
thereot, and/or other visual objects delineated 1n the first
vector image 20a.

FIG. 3A depicts a second vector image 205, one or more
objects 225, one or more child objects 245, one or more
grandchild objects 265, one or more great-grandchild objects
28b, and/or other visual objects delineated 1n the second
vector image 205. In some implementations, the vector image
200 may be delineated as a rectangular grid of objects 225"
The rectangular objects 225' may comprise a sub-grid com-
prising one or more rectangular child objects 245'. A child
object 245" may comprise a sub-sub grid comprising one or
more grandchildren objects. The objects of a vector image
may comprise one or more objects 225, one or more objects
225', a combination thereof, and/or other visual objects delin-
cated 1n the second vector image 205. In some 1mplementa-
tions, one or more objects delineated 1n the second vector
image 206 may be different from one or more corresponding
objects 1n the first vector image 20a.

FIG. 4 1llustrates an exemplary method 30 of recursively
rendering an 1image for a client computing platform, including,
marking renderable items of the image that have changed
from a previous 1image. The image may be an 1mage from a
frame 1n an animation, such as image 205b. The previous
image may be an 1mage from a frame 1n an animation such as
image 20a. The method may include obtaining a first image,
maintaining an 1mage list of bitmap objects associated with
the first 1mage, obtaiming vector information of a second
image and marking bitmap objects referenced in the 1image
list as changed from the first image to the second image.
Method 30 may be implemented on a client computing plat-
form configured to recursively render one or more bitmap
objects based on 1mages in frames 1n an animation.

At an operation 32, a first image may be obtained. For
example, the 1image may be received over a network. The
image may be same or of a similar type to the images dis-
cussed with respect to operation 12 and may be obtained 1n a
same or a similar manner.

Atan operation 34, an 1image list may be maintained for the
first image. In some 1implementations, the image list may be
stored at the client computing device. In some 1implementa-
tions, the 1mage list may be received over a network. The
received 1mage list may be compared to an 1mage list main-
tained at the client computing platform. When the received
image list 1s more recent than the maintained 1mage list, the
maintained image list may be replaced by the received image
list. An 1mage list may be considered more recent based on
one or more criteria. For example, a first image list may be
considered more recent than a second image list when the first
image list contains more items, has a newer date, has a newer
time stamp, and/or based on other criteria. The image list may
be a same or of a similar type to the image list described with
respect to operation 14. The bitmap objects referenced in the
image list may be obtained or generated 1n a manner similar or
the same as that discussed 1n reference to operation 14.

At an operation 36, vector information defining a vector
image in a second frame of the animation may be obtained.
The vector information may be obtained 1n a manner similar
or the same as that described with respect to operation 16.

At an operation 38, instructions configured to cause the
client computing platform to render an 1image by marking one
or more bitmap objects referenced 1n the image list as
changed from the first frame. The instructions may be con-
figured to cause the client computing platform to mark a flag
ol one or more bitmap objects referenced in the image list as
dirty based on a comparison of the respective bitmap objects
and objects of a subsequently obtained 1image. In some 1mple-
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mentations, the mstructions may be configured to cause the
client computing platform to obtain information defiming a
vector 1n 1mage 1n a second frame 1n the animation, where the
second frame 1s obtained subsequent to a first frame 1n the
ammation. An 1image list may be maintained that comprises
one or more references to one or more respective bitmap

objects associated with the first image of the first frame in the
animation.

At an operation 40, when mnformation defimng a vector
image in a second frame 1n the animation 1s obtained, a color
bound of a first object of the vector image may be detected. In
some 1implementations, the vector image may be delineated
into a grid of rectangular objects. Individual objects may have
a common height, length, and/or other dimension 1n the vec-
tor image. A rectangular object may also comprise a sub-grid
comprising one or more rectangular child objects. Individual
child objects may have a common height, length, and/or other
dimension 1n the rectangular object. A color bound of a first
object may comprise a first object of the gnid of rectangular
objects, may comprise a first object detected 1n a vector image
without the grid delineation, and/or may comprise another
type of object detected 1n the vector image.

When a first object of the vector image corresponding to
the second frame 1n the ammation 1s detected, the image list
may be perused to determine whether a reference exists to a
bitmap object at a location of the first image that corresponds
to a location of the first object in the vector 1mage.

At an operation 42, when a bitmap object at a location of
the first image corresponding to the location of the first object
in the vector image exists 1n the image frame, the first object
and the bitmap object may be compared. In some implemen-
tations, pixel data corresponding to the first object and bitmap
data corresponding to the bitmap object may be compared. In
some 1mplementations, pixel data corresponding to the first
object and pixel data corresponding to the bitmap object may
be compared. In some implementations, the vector informa-
tion may be implemented to rasterize the first object and
generate bitmap data corresponding to the first object. Imple-
menting vector information to rasterize an object may be done
in a variety of ways that are known to persons of skill in the
art. For example, rasterizing the vector information to gener-
ate bitmap data for the first object may be implemented by
known methods. The generated bitmap data of the first object
may be compared with bitmap data of the bitmap object.

At an operation 44, when the first object does not match the
bitmap object, a flag of the bitmap object may be marked as
dirty. In some implementations, this may be implemented by
storing a dirty designation 1n a flag of the bitmap object. Atan
operation 46, one or more child objects of the first object may
be detected. When the first object does not have any child
objects, another object of the vector image may be detected.
When the first object has one or more child objects, at an
operation 48, the one or more child objects may be compared
to respective one or more child bitmap objects of the bitmap
object 1n a manner that 1s similar or the same as the detection
and comparison of the first object and the bitmap object. At an
operation 50, when the child object does not match the child
bitmap object, a child flag of the child bitmap object may be
marked as dirty. In some implementations, this may be imple-
mented by storing a dirty designation in a child flag of the
chuld bitmap object. When a child object matches a child
bitmap object, at an operation 48, another child object of the
first object may be compared with another child bitmap object
of the bitmap object. When the child objects of the first object
have been compared, another object of the vector image may
be detected. The other object may be detected and compared
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with another bitmap object referenced in the image list in a
manner similar to the detection and comparison of the first
object and the bitmap object.

In some implementations, when comparing the first object
and the bitmap object, one or more pixels of the first object
that match respective one or more pixels of the vector image
may be removed from the first object to generate a non-
transparent first object. The non-transparent first object may
be compared with the bitmap object. In some 1mplementa-
tions, when comparing the child object and the bitmap object,
one or more pixels that match respective one or more pixels of
the first object may be removed from the child object to
generate a non-transparent child object. The non-transparent
child object may be compared with the child bitmap object.

When a bitmap object at a location corresponding to the
location of the first object 1s not referenced 1n the 1mage list,
the image list may be augmented with a reference to a corre-
sponding bitmap object. The bitmap object may be generated
or obtained from the bitmap object cache 1n a manner similar
or the same as that described above. A flag of the correspond-
ing bitmap object may be marked dirty. This may be imple-
mented by storing a dirty designation 1n a flag of the corre-
sponding bitmap object. Child bitmap objects detected in the
bitmap object may be generated or found 1n a child bitmap
object cache 1n a manner similar or the same as that described
above. Child flags of the respective child objects may be
marked as dirty. This may be implemented by storing a dirty
designation 1n respective child flags of the respective child
bitmap objects.

When the image list includes a reference to a bitmap object
that has not been compared to an object 1n the vector 1mage,
the reference to the bitmap object may be removed from the
image list. A reference to a bitmap object may be removed 1n
a manner similar or the same as that described above. Mark-
ing of bitmap objects may be maintained in a manner similar
or the same as that described above.

FIG. 5 1llustrates an exemplary method 52 of recursively
rendering an image for a client computing platiorm, including,
marking renderable items of the image that have changed
from a previous 1mage. The image may be a vector image
from a second frame 1n an amimation, such as vector image
20b6. The previous 1mage may be a vector image from a first
frame 1n an animation, such as vector image 20q. The method
52 may include obtaining a first image, maintaining an image
list of bitmap objects associated with the first image, obtain-
ing vector iformation of a second 1mage and rendering an
image based on the image list and the obtained vector infor-
mation. Method 52 may be implemented on a client comput-
ing platform configured to recursively render one or more
bitmap objects based on an 1image 1n a frame 1n an animation.

At an operation 54, a first image may be obtained. For
example, the first image may be received over a network. The
image may be same or of a similar type to the image discussed
with respect to operations 12 and/or 32 and may be obtained
in a manner similar to or the same as the 1images discussed
with respect to operations 12 and/or 32.

Atan operation 56, an 1mage list may be maintained for the
first image. In some implementations, the 1mage list may be
stored at the client computing device. In some 1implementa-
tions, the 1mage list may be received over a network. The
image list may be maintained in a manner similar to that
discussed with respect to operations 14 and/or 34. The image
list may be a same or of a similar type and may be obtained 1n
a same or similar manner as the image list described with
respect to operations 14 and/or 34. The bitmap objects refer-
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enced 1n the 1mage list may be obtained or generated 1n a
manner similar or the same as that discussed 1n reference to
operations 14 and/or 34.

At an operation 58, vector information defining a vector
image 1n a second frame of the ammation may be obtained.
The vector information may be obtained 1n a manner similar
or the same as that described with respect to operations 16
and/or 36.

At an operation 60, mstructions configured to cause the
client computing platform to recursively render the second
image for a client computing platform, including marking
renderable 1tems of the image that have changed from a
previous 1mage. The instructions may be configured to cause
the client computing platform to render the second image
based on flags of respective bitmap objects 1n the 1image list.
In some implementations, the mnstructions may be configured
to cause the client computing platform to obtain information
defining a vector 1n image 1n a second frame in the animation,
where the second frame 1s obtained subsequent to the first
frame. An 1image listmay be maintained that comprises one or
more references to one or more respective bitmap objects
associated with the first image of the first frame 1n the anima-
tion. The one or more respective bitmap objects may include
respective flags indicating whether a respective bitmap object
has changed from the first frame to the second frame.

At an operation 62, a flag for a bitmap object referenced 1n
the 1mage list may be obtained. The bitmap object may be at
a first location of the first image. When the flag of the bitmap
object1s not marked as dirty (e.g., the tlag of the bitmap object
1s marked with a designation of clear, compared, and/or
another designation), a flag for a second bitmap object refer-
enced 1n the 1image list may be obtained at an operation 62.

When the flag of the bitmap object 1s marked as dirty (e.g.,
the tlag of the bitmap object stores a dirty designation), a child
bitmap object may be detected at a child location of the
bitmap object at an operation 64.

At an operation 66, when one or more child bitmap objects
ex1stin the bitmap object, a child flag for a child bitmap object
may be retrieved. When the child tlag does not store a dirty
designation, another child bitmap object may be detected at
another chiuld location of the bitmap object at an operation 64.

When the child flag 1s marked as dirty, a color bound may
be detected of a corresponding child object of a correspond-
ing object at a location of the child object 1n the object 1n the
vector image corresponding to the child location of the child
bitmap object 1n the bitmap object. At an operation 68, the
vector information of the vector image may be implemented
to rasterize the child object and generate bitmap data for the
child object. At an operation 70, the child bitmap object may
be updated with the generated bitmap data for the child
object. In some 1mplementations, the child flag of the child
object may be marked to indicate that the child bitmap object
matches the corresponding child object of the vector image.
This may be implemented by storing a compared designation
in a child flag of the corresponding child bitmap object.

Returning to operation 64, when a child bitmap object of
the bitmap object 1s not detected, bitmap data for a corre-
sponding object 1n the vector image may be generated at an
operation 72. For example, a color bound of the object at a
location of the vector image corresponding to the location of
the bitmap object 1n the first image may be detected. The
vector information of the vector image may be implemented
to rasterize the object and generate bitmap data for the object.
Atan operation 74, the bitmap object may be updated with the
generated bitmap data for the object. In some 1implementa-
tions, the flag of the bitmap object may be marked to indicate
that the bitmap object matches the corresponding object of
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the vector image. This may be implemented by storing a
compared designation 1n a tlag of the bitmap object.

The operations of methods 10, 30 and 52 presented herein
are intended to be illustrative. In some implementations,
methods 10, 30 and/or 52 may be accomplished with one or
more additional operations not described, and/or without one
or more of the operations discussed. Additionally, the order 1n
which the operations of methods 10, 30 and/or 52 are illus-
trated 1n FIGS. 1, 4 and/or 5 and described herein 1s not
intended to be limiting.

In some 1implementations, methods 10, 30 and/or 52 may
be implemented 1n one or more processing devices (e.g., a
digital processor, an analog processor, a digital circuit
designed to process information, an analog circuit designed to
process information, a state machine, and/or other mecha-
nisms for electronically processing information). The one or
more processing devices may include one or more devices
executing some or all of the operations of methods 10, 30
and/or 52 1n response to 1mstructions stored electronically on
an electronic storage medium. The one or more processing
devices may 1nclude one or more devices configured through
hardware, firmware, and/or software to be specifically
designed for execution of one or more of the operations of
methods 10, 30 and/or 52.

FIG. 6 1llustrates a system 76 configured to generate and
present a recursively rendered image to users. As can be seen
in FIG. 6, system 76 may include one or more of a server 78,
one or more client computing devices 80, and/or other com-
ponents.

Server 78 may be configured to communicate with client
computing devices 80 1n a server/client architecture. By way
of non-limiting example, server 78 may be configured to host
an online game, a virtual space, an online video, and/or other
content. The content hosted by server 78 may include an
ammation and/or an animation sequence served to client
computing devices 80 by server 78. Server 78 may include
one or more processors 82, electronic storage 84, and/or other
components.

Processor 82 may provide information processing capa-
bilities within server 78. Although processor 82 1s shown 1n
FIG. 6 as a single entity, this 1s not intended to be limiting, as
processor 82 may include a plurality of processors operating
in coordination or cooperation. This may include implemen-
tations 1n which server 78 includes multi-processor device, a
farm of server devices operating together, and/or virtual
resources provided by the cloud. Processor 82 may be con-
figured to provide information to client computing platforms
80 over a network that causes client computing platforms to
recursively render one or more bitmap objects from an 1image
in a frame in an animation. For example, processor 82 may be
configured to perform some or all of the functionality
described herein with respect to method 10 (shown in FI1G. 1).

Electronic storage 84 may electronic storage media that
clectronically stores information non-transiently. The elec-
tronic storage media of electronic storage 84 may include one
or both of system storage that 1s provided integrally (i.e.,
substantially non-removable) with server 78 and/or remov-
able storage that 1s removably connectable to server 78 via,
for example, a port (e.g., a USB port, a firewire port, etc.) or
a drive (e.g., a disk drive, etc.). Electronic storage 84 may
include one or more of optically readable storage media (e.g.,
optical disks, etc.), magnetically readable storage media (e.g.,
magnetic tape, magnetic hard drive, tloppy drive, etc.), elec-
trical charge-based storage media (e.g., EEPROM, RAM,
etc.), solid-state storage media (e.g., flash drive, etc.), and/or
other electronically readable storage media. Electronic stor-
age 84 may include virtual storage resources, such as storage
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resources provided via a cloud and/or a virtual private net-
work. Electronic storage 84 may store software algorithms,
information determined by processor 82, information
received from client computing platforms 80, and/or other
information that enables server 78 to function properly.

Electronic storage 84 may non-transiently store informa-
tion prior to transmission to client computing devices 80 that
causes client computing platforms to present the recursively
rendered 1image to users. For example, such information may
include image information (e.g., as obtained at operations 12,
32, and/or 54 as shown in FIGS. 1, 4, and 5, and described
herein), a bitmap object cache (e.g., as described herein),
instructions for recursively rendering one or more bitmap
objects from an 1mage in a frame 1n an animation (e.g., as
described with respect to operations shown 1n FIGS. 1, 4, and
5, and described herein), and/or other information.

Client computing platforms 80 may be computing plat-
forms configured to provide an interface with users and sys-
tem 76. A given client computing device 80 may include one
or more processors, electronic storage that non-transiently
stores information, and/or other components. By way of non-
limiting example, the given client computing platform may
include one or more of a smartphone, a handheld computer, a
tablet device, a personal digital assistant, a laptop computer,
a desktop computer, and/or other platforms. In presenting the
anmimation to a user, the given client computing device 80 may
be configured to perform some or all of the functionality
described herein with respect to method 30 shown 1n FIG. 3
and/or method 52 shown 1n FIG. 5. Although the system(s)
and/or method(s) of this disclosure have been described 1n
detail for the purpose of illustration based on what 1s currently
considered to be the most practical and preferred implemen-
tations, 1t 1s to be understood that such detail 1s solely for that
purpose and that the disclosure 1s not limited to the disclosed
implementations, but, on the contrary, 1s itended to cover
modifications and equivalent arrangements that are within the
spirit and scope of the appended claims. For example, 1t 1s to
be understood that the present disclosure contemplates that,
to the extent possible, one or more features of any implemen-
tation can be combined with one or more features of any other
implementation.

What 1s claimed 1s:

1. A computer-implemented method of rendering an
image, the method being implemented on a client computing
platform, the method comprising:

recerving a plurality of frames as part of an animation;

maintaining an image list configured to store one or more

references to one or more respective bitmap objects
associated with a first image of a first frame 1n the ani-
mation;
maintaining, for a bitmap object associated with the first
image, a tlag indicating whether bitmap data of the bat-
map object has changed and one or more of: the bitmap
data, a location of the bitmap object withun the first
image, one or more references to other bitmap objects,
or one or more references to chuld bitmap objects;

obtaining information defining a vector image in a second
frame 1n the ammmation, the second frame being obtained
subsequent to the first frame;

detecting a color bound of a first object at a first location of

the vector 1image;

comparing the first object with the bitmap object of the first

image at the bitmap location of the bitmap object corre-

sponding to the first location of the vector image; and
responsive to the first object not matchung the bitmap

object,

marking a flag of the bitmap object as dirty.
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2. The method of claim 1, wherein, responsive to the first
image not mcluding a corresponding bitmap object at the
bitmap location, the method further comprises:

generating the corresponding bitmap object;

augmenting the 1mage list with a reference to the corre-
sponding bitmap object; and

marking a flag of the corresponding bitmap object as
dirty.

3. The method of claim 1, wherein the method further
COmMprises:

responsive to an nth bitmap object referenced 1n the 1mage

list not being compared with an object of the vector
image, removing a reference to the nth bitmap object
from the 1mage list.

4. The method of claim 1, further comprising;

responsive to the first object not matching the bitmap

object, detecting a color bound of a first child object at a
first child location of the first object;

comparing the first child object with a child bitmap obj

of the first bitmap object, where the child bitmap object
1s at a child bitmap location of the first bitmap object
corresponding to the first chuld location of the first
object;

when the first child object does not match the child bitmap

object, marking a tlag of the child bitmap object as dirty;
and

when the first child object matches the child bitmap object,

detecting a color bound of a second child object at a
second child location of the first object, and

comparing the second child object with a second child
bitmap object of the first bitmap object, where the
second child bitmap object 1s at a second child bitmap
location of the first bitmap object corresponding to the
second child location of the first object.

5. The method of claim 4, further comprising;

responsive to marking the flag of the child bitmap object as

dirty:

detecting the color bound of the second child object at
the second child location of the first object,

comparing the second child object with a second child
bitmap object of the first bitmap object, where the
second child bitmap object 1s at the second child bait-
map object 1s at a second child bitmap location of the
first bitmap object corresponding to the second child
location of the first object; and

when the second child object does not match the second
child bitmap object, marking a flag of the second child
bitmap object as dirty.

6. The method of claim 1, further comprising:

responsive to the first object matching the bitmap object,

detecting a color bound of a second object at a second
location of the vector image, and

comparing the second object with a second bitmap object
of the first image, where the second bitmap objectis ata
second bitmap location of the first image corresponding,
to the second location of the second object.

7. The method of claim 1, further comprising;

detecting a color bound of a second object at a second
location of the vector image, and

comparing the second object with a second bitmap object
of the first image, where the second bitmap objectis at a
second bitmap location of the first image corresponding
to the second location of the second object.

8. The method of claim 1, wherein comparing the first

object with the bitmap object comprises:

ect
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removing, from the first object, one or more pixels that
match respective one or more pixels of the vector image
to generate a non-transparent first object; and

comparing the non-transparent first object with the bitmap
object.

9. The method of claim 4, wherein comparing the first child

object with the child bitmap object comprises:

removing, from the first child object, one or more pixels
that match respective one or more pixels of the first
object to generate a non-transparent first child object;
and

comparing the non-transparent first child object with the

bitmap child object.
10. Non-transitory electronic storage media storing infor-
mation related to an 1mage, the stored information compris-
ng:
an 1mage list configured to store one or more references to
one or more respective bitmap objects associated with a
first image of a first frame 1n the animation;
a bitmap object cache configured to store one or more
bitmap objects for the first image, a bitmap object com-
prising a flag indicating whether bitmap data of the
bitmap object has changed and one or more of: the
bitmap data, a location of the bitmap object within the
first 1mage, one or more references to other bitmap
objects, or one or more references to child bitmap
objects; and
instructions configured to cause a client computing plat-
form to:
receive a plurality of frames as part of an animation;
obtain information defining a vector image in a second
frame in the animation, the second frame being
obtained subsequent to the first frame;

detect a color bound of a first object at a first location of
the vector image;

compare the first object with a bitmap object of the first
image at a bitmap location of the bitmap object cor-
responding to the first location of the vector image;
and

responsive to the first object not matching the bitmap
object, mark a flag of the bitmap object as dirty.

11. The electronic storage media of claim 10, wherein,
responsive to the first image not including a corresponding
bitmap object at the bitmap location, the instructions are
configured to cause a client computing platform to

generate the corresponding bitmap object;

augment the 1mage list with a reference to the correspond-
ing bitmap object; and

mark a flag of the corresponding bitmap object as dirty.

12. The electronic storage media of claim 10, wherein,
responsive to an nth bitmap object referenced 1n the image list
not being compared with an object of the vector image, the
instructions are configured to cause a client computing plat-
form to remove a reference to the nth bitmap object from the
image list.

13. The electronic storage media of claim 10, wherein the
instructions are configured to cause a client computing plat-
form to

responsive to the first object not matching the bitmap
object, detecta color bound of a first chuld object at a first
child location of the first object;

compare the first child object with a child bitmap object of
the first bitmap object, where the child bitmap object 1s
at a child bitmap location of the first bitmap object
corresponding to the first child location of the first
object; and
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when the first child object does not match the child bitmap
object, mark a flag of the child bitmap object as dirty;
and

when the first child object matches the child bitmap object,

detect a color bound of a second child object at a second
child location of the first object, and

compare the second child object with a second child
bitmap object of the first bitmap object, where the
second child bitmap object 1s at a second child bitmap
location of the first bitmap object corresponding to the
second child location of the first object.

14. The electronic storage media of claim 13, wherein the
instructions are configured to cause a client computing plat-
form to

responsive to marking the flag of the child bitmap object as

dirty:

detect the color bound of the second child object at the
second child location of the first object,

compare the second child object with the second child
bitmap object of the first bitmap object, where the
second child bitmap object is at the second child bit-
map location of the first bitmap object corresponding
to the second child location of the first object; and

when the second child object does not match the second
child bitmap object, mark a flag of the second child
bitmap object as dirty.

15. The electronic storage media of claim 13, wherein the
instructions are configured to cause a client computing plat-
form to

responsive to the first object matching the bitmap object,

detect a color bound of a second object at a second location

of the vector image, and

compare the second object with a second bitmap object of

the first image, where the second bitmap object 1s at a
second bitmap location of the first image corresponding
to the second location of the second object.

16. The electronic storage media of claim 10, wherein the
instructions are configured to cause a client computing plat-
form to

detect a color bound of a second object at a second location

of the vector image, and

compare the second object with a second bitmap object of

the first image, where the second bitmap object 1s at a
second bitmap location of the first image corresponding
to the second location of the second object.

17. The electronic storage media of claim 10, wherein the
instructions are configured to cause a client computing plat-
form to compare the first object with the bitmap object by
removing, from the first object, one or more pixels that match
respective one or more pixels of the vector image to generate
a non-transparent first object; and

comparing the non-transparent first object with the bitmap

object.

18. The electronic storage media of claim 13, wherein the
instructions are configured to cause a client computing plat-
form to compare the first child object with the child bitmap
object by removing, from the first child object, one or more
pixels that match respective one or more pixels of the first
object to generate a non-transparent first child object; and

comparing the non-transparent first chuld object with the

bitmap child object.

19. A computer-implemented method of rendering an
image, the method being implemented on a client computing
platform, the method comprising:

receiving a plurality of frames as part of an animation;
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maintaining an 1mage list configured to store one or more
references to one or more respective bitmap objects
associated with a first image of the animation;
maintaining, for a bitmap object associated with the first
image, a flag indicating whether bitmap data of the bat-
map object has changed and one or more of: the bitmap
data, a location of the bitmap object within the first
image, one or more references to other bitmap objects,
or one or more references to chuld bitmap objects;
obtaining information defining a vector image 1n a second
frame 1n the animation, the second frame being obtained
subsequent to the first frame;
retrieving, for a first bitmap object at a first location of the
first 1mage, a first flag associated with the first bitmap
object;
responsive to the first flag indicating that the first bitmap
object has changed, retrieving, for a first child bitmap
object at a first child bitmap location of the first bitmap
object, a first child flag; and
responsive to the first child flag indicating that the first
child bitmap object has changed:
detecting a first child color bound of a first child object of
a first object of the vector image at a child location of
the vector image corresponding to the first child bat-
map location of the first bitmap object;
implementing the vector information to rasterize the first
child object within the first child color bound of the
vector image to generate first child bitmap data for the
first child object; and
updating the first child bitmap object with the generated
first child bitmap data.
20. The method of claim 19, further comprising:
responsive to the first child flag indicating that the first
child bitmap object has not changed,
when a second child bitmap object at a second child
bitmap location 1s associated with the first bitmap
object, retrieving, for the second child bitmap object,
a second child flag associated with the second child
bitmap object; and
when the first bitmap object 1s not associated with
another child bitmap object, retrieving, for a second
bitmap object at a second bitmap location of the first
image, a second tlag associated with the second bit-
map object.
21. The method of claim 19, further comprising:
responsive to updating the first child bitmap object with the
generated first chuld bitmap data:
when a second child bitmap object at a second child
bitmap location 1s associated with the first bitmap
object, retrieving, for the second child bitmap object,
a second child flag; and
when the first bitmap object 1s not associated with
another child bitmap object, retrieving, for a second
bitmap object at a second bitmap location of the first
1image, a second tlag associated with the second bit-
map object.
22. The method of claim 19, further comprising:
responsive to the first flag indicating that the first bitmap
object has not changed, retrieving, for a second bitmap
object at a second bitmap location of the first image, a
second flag associated with the second bitmap object;
responsive to the second flag indicating that the second
bitmap object has changed, retrieving, for a second child
bitmap object at a second child bitmap location of the
first bitmap object, a second child tlag; and
responsive to the second child flag indicating that the sec-
ond child bitmap object has changed:
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detecting a second child color bound of a second child
object of a second object of the vector image at a
second child location of the vector image correspond-
ing to the second child bitmap location of the second
child bitmap object;

implementing the vector information to rasterize the
second child object within the second child color
bound of the vector image to generate second child
bitmap data for the second child object; and

updating the second child bitmap object with the gener-
ated second child bitmap data.

23. The method of claim 19, wherein generating the first
child bitmap data for the first child object comprises:

removing, {from the first child object, one or more pixels
that match respective one or more pixels of the first
object.

24. Non-transitory electronic storage media storing infor-
mation related to an 1mage, the stored information compris-
ng:

an 1mage list configured to store one or more references to
one or more respective bitmap objects associated with a
first image of a first frame 1n an animation;

a bitmap object cache configured to store one or more
bitmap objects for the first image, a bitmap object com-
prising a flag indicating whether bitmap data of the

bitmap object has changed and one or more of: the

bitmap data, a location of the bitmap object within the

first 1image, one or more references to other bitmap
objects, or one or more references to child bitmap
objects;

a child bitmap object cache configured to store one or more
child bitmap objects for a bitmap object; and

instructions configured to cause a client computing plat-
form to:
receive a plurality of frames as part of the animation;
obtain information defining a vector image in a second

frame in the animation, the second frame being
obtained subsequent to the first frame;
retrieve, for a first bitmap object at a first bitmap location
of the first image, a first flag associated with the first
bitmap object;
responsive to the first flag indicating that the first bitmap
object has changed, retrieve, for a first chuld bitmap
object at a first child bitmap location of the first bit-
map object, a first child flag; and
responsive to the first chuld flag indicating that the first
child bitmap object has changed:
detect a first child color bound of a first child object of
a first object of the vector image at a child location
of the vector image corresponding to the first child
bitmap location of the first bitmap object;
implement the vector information to rasterize the first
child object within the first child color bound of the
vector image to generate first child bitmap data for
the first child object; and
update the first child bitmap object with the generated
first child bitmap data.

25. The electronic storage media of claim 24, wherein the
instructions are configured to cause a client computing plat-
form to

responsive to the first child flag indicating that the first
chuld bitmap object has not changed,
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when a second child bitmap object at a second child
bitmap location 1s associated with the first bitmap

object, retrieve, for the second child bitmap object, a
second child flag associated with the second child
bitmap object; and

when the first bitmap object 1s not associated with
another child bitmap object, retrieve, for a second
bitmap object at a second bitmap location of the first
image, a second flag associated with the second bit-
map object.

26. The electronic storage media of claim 24, wherein the
instructions are configured to cause a client computing plat-
form to

responsive to updating the first child bitmap object with the
generated first child bitmap data:

when a second child bitmap object at a second child
location 1s associated with the first bitmap object,
retrieve, for the second child bitmap object at the
second child bitmap location of the first child bitmap
object, a second child dirty flag; and

when the first bitmap object 1s not associated with
another child bitmap object, retrieve, for a second
bitmap object at a second bitmap location of the first
image, a second flag associated with the second bit-
map object.

277. The electronic storage media of claim 24, wherein the
instructions are configured to cause a client computing plat-
form to

responsive to the first flag indicating that the first bitmap
object has not changed, retrieve, for a second bitmap
object at a second bitmap location of the first image, a
second flag associated with the second bitmap object;

responsive to the second flag indicating that the second
bitmap object has changed, retrieve, for a second child
bitmap object at a second child bitmap location of the
first bitmap object, a second child flag; and

responsive to the second child flag indicating that the
second child bitmap object has changed:

detect a second child color bound of a second child
object of a second object of the vector image at a
second child location of the vector image

corresponding to the second child bitmap location of the
second child bitmap object;

implement the vector information to rasterize the sec-
ond child object within the second child color
bound of the vector image to generate second child
bitmap data for the second child object; and

update the second child bitmap object with the gen-
erated second child bitmap data.

28. The electronic storage media of claim 24, wherein the
instructions are configured to cause a client computing plat-
form to generate the first child bitmap data for the first child
object by

removing, from the first child object, one or more pixels
that match respective one or more pixels of the first
object.
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